Arbuscular Mycorrhizal (AM) fungi form mutualistic relationship with plant roots which improves plant growth and confers tolerance against many types of stresses, including heavy metals tolerance. AM fungi allows enhanced-growth of plants, grown on heavy metals contaminated soil. They have been involved in regulating the uptake of heavy metals from root to shoot exploiting the potential of membrane transporters. These fungi either increase the uptake of heavy metals from root to shoot (phytoextraction) or stop their spreading in soil, using different mechanisms including accumulation of toxic metals in hyphae, chelation of metals with substances released by fungal hyphae or adhering these metals with roots surface or chitin of fungal cell wall. The latter approach, used by AM fungi, is known as phytostabilization, which stops the dissemination and leakage of heavy metals in the soil keeping the ecosystem in equilibrium and makes it suitable for optimum plant growth. Apart from this, spores isolated from the heavy metals contaminated soil have shown enhanced resistance to presence of heavy metals than non-contaminated soil. Such acquired resistance or tolerance is not durable as it has not being developed as a result of genetic changes but due to phenotypic plasticity of spores. Such resistance may be lost if these spores are being grown on non-heavy-metals-contaminated soil. For efficient phytoremediation, the potential of plant transporters in response to AM fungi should be exploited. It would be ideal to see if these membrane transporters genes could be expressed by AM fungal promoters for enhanced metals remediation and restoring the damaged ecosystem.
INTRODUCTION
The presence of heavy metals in soil is harmful to plants, humans, environment (Bibi et al., 2006) and microbes as they may affect microbial colonization (Lingua et al., 2008) and their community composition (Sobolev and Begonia, 2008) . Most of the land plants take up nutrients from soil (Langille and Maclean, 1976) necessary for its growth and productivity. Some plant species have been reported to take up heavy metals (Cu, Zn, Pb, Cr, Cd, Ag, Se, Hg) (Baker and Brooks, 1989 ) from the soil contaminated from different sources such as artificial/synthetic chemical fertilizers, insecticides, pesticides, industrial wastes and vehicles emission (Qian et al., 1999) .
Plants show variable responses to the presence and uptake of heavy metals in soil. Heavy metals can be accumulated by some plant species to certain level (Baker and Brooks, 1989) beyond which drastic effects on growth and productivity can arise. Some plant species have been reported to be metal sensitive (Huang et al., 2000) and show reduced growth and productivity with their presence while others are tolerant and show enhanced yield (Rabie, 2005) and productivity. Plant's tolerance towards metals uptake can be analysed from root and shoot growth, water content and various physiological, biochemical and enzymatic activities of plant cell. Such plants characteristics can be used as markers for selecting heavy metals tolerant plants (Rabie, 2005) .
Phytoremediation is the most efficient and economical approach for the remediation of heavy metals from the soil as other remediation methods used are expensive and time demanding (Belliturk et al., 2015; Fitz and Wenzel, 2002) . It is particularly being useful for remediation of non-volatile heavy metals which cannot be remediated from soil using any other method (Khan et al., 2000) . Phytoremediation represents those mechanisms (Paz-Ferreiro et al., 2014) , which can lead to reduced concentration of heavy metals, complete elimination from soil or its decomposition into environmentally and ecologically harmless components (Denton, 2007; Lambi et al., 2001) . For successful progression of phytoremediation, different approaches can be used, including selection of tolerant plant species and exploiting soil and plant promoting microorganisms (Burd et al., 2000; Glick, 2003; Newman and Reynolds, 2005) .
Aims and significance of the current review:
This study is aimed to highlight the main limitations in previous methods of phytoremediation and draw people's attention towards AM fungi, which can take up toxic metals from the deep soil using extended and dense network of hyphae, where plant roots cannot reach.
As the exact molecular mechanism by which AM fungi detoxify toxic metals is unknown, this study intensifies the need to unravel the mechanism for their best utilization in phytoremediation studies. It also stresses on the selection of suitable plant species and fungal strains for efficient phytoremediation based on previous published reports. To my knowledge, it is the first report evaluating the classical and AM fungal based heavy metal remediation methods, stresses to explore the fungal based detoxification mechanism and pointing towards the potential area in AM fungi which can be exploited in future bioremediation programmes.
Arbuscular mycorrhizal fungi and phytoremediation:
Among the microbes, symbiotic fungi, such as, arbuscular mycorrhizal (AM) fungi, has widely been studied in relationship to phytoremediation (Entry et al., 2002; Meier et al., 2012) . Arbuscular mycorrhiza is a mutualistic relationship between plants roots (Sieverding, 1990) and fungi, in which the plant provides the fungus with carbohydrates and receives nutrients (Nitrogen and Phosphorus in particular) in return (Nadian et al., 1997) . Numerous studies have reported that AM fungi can grow in soil largely contaminated with heavy metals (Shetty et al., 1994) indicating they have fast adaptation (Joner and Leyval, 1997) and evolved the mechanism to accumulate or tolerate these metals. Extensive network of hyphae and mycelium is one of the approaches used by these fungi for the uptake of heavy metals from deep soil. As different strains of AM fungi respond differently to remediation of heavy metals, therefore, concentration of these toxic metals in plants species varies (Heggo et al., 1990; Joner and Leyval, 1997) in response to different fungal strains. Considering this enormous variability in metals uptake, efficient fungal strains having greater metals uptake potential should be used for phytoremediation as utilization of other strains will be time consuming, less efficient and expensive.
Among the available remediation methods (physical and chemical), phytoremediation, involving higher plants (Pilon-Smits, 2005) , is getting more attention as these metals cannot be converted chemically to less toxic form and need to be physically removed (Kroopnick, 1994) from the soil or keep them in a proportion that does not affect the plant growth. This method of remediating toxic metals from the soil is less expensive, safe and environmentally friendly (Thewys et al., 2010) . Increased growth and cupper uptake from root to shoot of E. splendens have been observed at certain concentration of Cupper. This increase in shoot dry matter and cupper uptake was larger in the AM inoculated plants than non AM inoculated plants which clearly shows the role of AM fungi in alleviating heavy metals from soil through plants (Wang et al., 2005) . Similar results were obtained in another experiment conducted by these authors (Wang et al., 2005; Wang et al., 2007) .
Microbial inoculation not only increased shoot dry matter but also the uptake of Cu, Zn, Pb and Cd by shoot, leading to increased phytoextraction of heavy metals. Excessive presence of Pb and Cd in the soil results in reduced growth and production of pot marigold. After being inoculated with arbuscular mycorrhizal fungi, it not only improved the growth and yield of the pot marigold (Calendula officinalis L.) but enhanced the phytoextraction of these heavy metals to large extent. This study also reported that Cd has more harmful effects on plant growth than Pb which should be prioritised in future phytoremediation studies (Tabrizi et al., 2015) . Similarly, presence of nickel in soil has been reported to have adverse effects on growth of tall fescue (Festuca arundinacea L.) and contents of photosynthetic pigments. Inoculation of these plants with AM fungi (R. mosseae) reduced nickel uptake from roots to shoots reflecting the importance of these fungi in relieving nickel stress (Shabani et al., 2016) . Adverse effects of high concentration of zinc on the plant growth and other parameters, such as, putrescine profile in the leaves of poplar, have been reduced in plants colonized by Rhizophagus mosseae. Some studies have shown that high Zinc concentration in the soil sometimes inhibits AM fungal colonization (Lingua et al., 2008) of the host plants which results in reduced spore formation (Del Val et al., 1999) . The reduced uptake of uranium and thorium in shoot has been reported in AM colonized plants than non-AM colonized plants, which reflects the role of these fungi in phytostabilization of uranium and thorium (Roos and Jakobsen, 2008) .
A study conducted for evaluating the efficiency of heavy metal uptake (Zn, Cu, Pb, Cd) by AM fungal inoculation and EDTA treatment has shown the highest uptake of all metals except Pb for AM fungal inoculated crops and high Pb uptake for EDTA treated plants. It is worth mentioning that Pb uptake by EDTA treated crops was higher than AM fungal inoculated plants (Liang et al., 2009; Usman and Mohamed, 2009). Sci. Technol. Dev., 34 (4): 215-220, 2015 How AM fungi detoxify heavy metals?: AM fungi are not only playing a remarkable role in ensuring good vegetation in the contaminated soil but also participate in detoxification of heavy metals presumably by intracellular processes (Blaudez et al., 2000; Jentschke and Godbold, 2000) . The exact mechanism by which heavy metals can be detoxified by AM fungi is not exactly known.
Metallothioneins are believed to be involved in detoxification of toxic metals as they may either bind to heavy metals or act as antioxidant in the detoxification process. Metallothioneins are basically small proteins, produced by multi-gene families of plants and playing an important role in metals based stress (Akashi et al., 2004; Cobbett and Goldsbrough, 2002) . The information regarding involvement of metallothioneins in detoxification of metals arose from gene expression studies of metallothioneins and other studies performed on poplar plants (Balestrazzi et al., 2009; Castiglione et al., 2007) .
Some fungal types obtained from zinc wastes have been reported to reduce the metal uptake by the plant in order to stop these metals from entering into food chains and control the resulting diseases (Turnau et al., 2006) . It can be accomplished by numerous membrane transporters which have been shown to reduce heavy metals uptake in both plants and microbes (Clemens, 2001) . Many transporters have been reported in higher plants responsible for transport of heavy metals from the contaminated soil. It would be more interesting to see if these transporter genes could be expressed by AM fungal inducible promoters for efficient phytoremediation. In such situation, heavy metals from the soil will be removed after being absorbed in the fungal hyphae or any other cellular structure (Hall and Williams, 2003) .
AM fungi either remediate these metals by increasing root to shoot uptake (phytoextraction) or restrained them in the soil (phytostabilization). The success of soil treatment with AM fungi depends on plant and fungal species and on the nature of target heavy metals itself. It also depends on the soil physical conditions such as temperature, pH and humidity (Gaur and Adholeya, 2004; Khan, 2005) . Arbuscular mycorrhiza (i.e., Rhizophagus mosseae), showing resistance to cadmium, has been reported to be involved in the uptake and passage of cadmium from the heavy metals contaminated soil (Joner and Leyval, 1997) . Cu was found to have been absorbed in the hyphae of Rhizophagus isolates (Gonzalez-Chavez et al., 2002) and plant roots in non-toxic form (Tonin et al., 2001) .
Hyphae and mycelium can accumulate large amounts of heavy metals reaching up to 20% plant dry mass (Tobin et al., 1984) . In some AM fungal strains, substances secreted from these hyphae have been shown to be involved in chelation of heavy metals (Gaur and Adholeya, 2004) . Similarly, there are also some AM fungal strains that are resistant to aluminium as increased level of aluminium in the soil can lead to reduced concentration of Ca and Mg (Cumming and Ning, 2003) in the plant cell. Spores produced by AM fungi in the contaminated soil have shown increased tolerance against heavy metals stress than spores collected from non-contaminated soil. Such spores-derived resistance can be lost after growing these fungal spores in non-contaminated soil as the observed resistance is due to spore's phenotypic manipulability not genetic alterations (Shalaby, 2003; Gaur and Adholeya, 2004) . Such type of resistance developed in response to adverse climatic/soil conditions is not durable as it is not controlled by genetic material. It may remain tolerant as long as it is present in the contaminated soil. Pawlowska and Charvat (2004) demonstrated that Rhizophagus irregularis conferred more tolerance against heavy metals than Rhizophagus etunicatum. Plant roots coupled with dense network of long hyphae can take up heavy metals from about 47 fold (Smith and Read, 1997) more soil depth than plant roots alone which highlights the role of AM fungi in phytoremediation of toxic metals. In contrast to phytoremediation, phytostabilization stop spreading and leakage of the metals in the soil. In this method, heavy metals may adsorb on plant root surfaces or chitin of fungal cell wall, chelate with substances secreted by these fungi and/or accumulated inside roots without transferring it to shoot or leaking into deep soil (Wong et al., 2003; Joner et al., 2000) . AM fungi with extended network of hyphae are involved in non-spreading of heavy metals in deep soil where plant roots cannot penetrate and accelerate the process of phytostabilization (Gaur and Adholeya, 2004) .
DISCUSSION
Heavy metals found in the soil are harmful to plants, humans and animals. These metals have been accumulated in soil as a result of mining, fertilizers and pesticides applications, industrial effluents or wastes, vehicles smokes and other human activities. The soil needs to be cleaned up from these contaminants as they are not only affecting plant growth but also humans, after entering into food chain and disrupting life. Different strategies have been used to clean soil from heavy metals but they are normally expensive, time consuming and not very efficient in taking off all the metals. Phytoremediation offers the possibility for taking up the toxic metals from the soil especially the non-volatile metals and those heavily mixed with soil. Selection of suitable plants is the key for successful phytoremediation Sci. Technol. Dev., 34 (4): 215-220, 2015 as different plant species respond differently to remediation of heavy metals from the soil. One drawback of phytoremediation is that roots cannot reach into deep soil containing heavy metals.
Arbuscular mycorrhizal fungi with extended network of hyphae overcome this constraint in phytoremediation as these hyphae can reach deep into soil and play an essential role in heavy metals uptake in association with plant roots. In some cases, they enhance metal uptake from the soil whereas in others; they allow limited uptake of metals keeping them in an amount in soil which does not adversely affect plant growth and yield. It means that the concentration of these toxic metals in plant species varies in response to different AM fungal strains. Presence of heavy metals in soil can reduce plants colonization by some AM fungal strains but other fungal strains have been reported to be tolerant to these metals and perform well in soil heavily contaminated with heavy metals. Fungal spores isolated from the heavy metal contaminated soil have shown resistance to heavy metals than spores isolated from non-metal contaminated soil. This type of spores-based resistance is not robust as it has not been developed as a result of alternations in genetic material (DNA/RNA) but merely due to plasticity of spores. The spores based resistance may be lost in the next generation if grown in the non-heavy metals contaminated soil.
In phytoextraction, toxic metals are remediated from the soil by enhancing root to shoot uptake which are finally being lost after crop/plant harvesting. In case of phytostabilization, these contaminants may adhere to roots or fungal cell wall or get accumulated in plant roots without being transferred to shoots. These contaminants may chelate with substances released by fungal hyphae which inhibit their leakage or spreading in the soil and keep them in a balanced form. Arbuscular mycorrhizal fungi with enlarged and extended network of hyphae can take up toxic metals from the deep soil which is beyond the plant roots access and is playing an important role in phytostabilization and phytoextraction. Another potential area which can be exploited in remediation of heavy metals is membrane transporters which are involved in regulation of heavy metals from root to shoot. It will be fascinating to see if these transporter genes could be expressed using AM fungal promoters for more efficient remediation of metals.
CONCLUSION
Arbuscular mycorrhizal fungi play a vital role in the remediation of heavy metals from the heavy metals contaminated soil, using different mechanisms, including, detoxification of toxic metals and chelation of metals with AM fungal secreted substances. AM fungi with dense network of hyphae can take up toxic metals from the soil zone, where plant roots cannot reach. AMF-mediated phytoremediation of heavy metals either increase heavy metals uptake from roots to shoot or stop its dissemination in soil. AM fungal spores isolated from the heavy metals contaminated soil have shown enhanced resistance towards heavy metals stress than spores isolated from the non-contaminated soil. Different strains of AM fungi may respond differently to heavy metals uptake, therefore, screening and identification of efficient fungal strains form the basis of successful bioremediation programme. Plasma membrane transporter is one of the potential areas which need to be explored in association with AM fungal promoters for improved bioremediation of heavy metals from soil.
